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(54) Toner resin composition and toner 

(57) A toner resin composition composed of a vinyl- 
type copolymer which has styrene-type monomers and 
(meth)acrylic ester-type monomers as the main ingredi- 
ents, a low-melting-point crystalline compound, and a 
block compolymer of polystyrene and polyolefin wherein 
the average particle area is 0.5-20 urn 2 and the maxi- 
mum particle area is 30 urn 2 or less in any 25 urn x 25 
urn area when transmission electron microscopy is 
used to observe said low-melting-point crystalline com- 
pound which forms domains in the domain-matrix struc- 
ture formed by said vinyl-type copolymer and the low- 
melting-point crystalline compound. 

To provide a toner resin composition and toner 
which have superior fixability, anti-offset properties, and 
shelf stability. 
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Description 

Related Application 

[0001] This application claims the priority of Japanese Patent application No. 10-282721 filed on October 5, 1998, 
and No. 1 1-105427 filed on April 13, 1999, which are incorporated herein by reference. 

Background of the Invention 

1. Field of the invention 

[0002] The present invention relates in general to a toner resin composition and toner used in electrophotography 
and such, and more particularly to a toner resin composition and toner used in the so-called dry developing method for 
developing electrostatic charge images. 

2. The Prior Art 

[0003] The dry developing method is widely used to develop electrostatic charge images in electrophotography. In 
the dry developing method, toner is usually electrified by means of friction with iron powder, glass beads, etc., which 
are called carriers, and then attached to electrostatic latent images on the photosensitive matter due to electrical attrac- 
tion, transferred to the paper sheet, and then fixed by heating rollers and such to form permanent visible images. 
[0004] For the fixing process, the heating roller method is widely used in which the toner images on said sheet are 
pressed onto the surface of the heating roller, which has a toner-separating material formed on its surface, as the sheet 
goes through. 

[0005] In the heating roller method, a toner resin composition which can be fixed at a lower temperature is desirable 
so as to improve cost efficiency, including power consumption, and increase the copying speed. 
[0006] Toner resins which contain low molecular weight or low viscosity ethylene-type wax for improved fixability 
and anti-offset properties have been disclosed (Japanese unexamined patent publication Tokkai Hei 7-36218 and 
TokkaiHei 8-114942). 

[0007] However, they have a problem in that the sheff stability is poor due to the use of the ethylene-type wax. 
[0008] Regarding shelf stability, it is known that the dispersibility of the low-melting-point crystalline compound 
present in the toner significantly affects the toner performance. Many patent applications have already been filed per- 
taining to the dispersion of the separability agent in toner (Tokkai Hel 9-211889, Tokkai Hei 2-27363, Tokkai Hei 3- 
296067, Tokkai Hei 4-69664, Tokkai Hei 9-288370, Tokkai Hei 9-288371, Tokkai Hei 9-288372, etc.). However, these 
methods only control the melt-kneading conditions at the time of making toner and their effect on dispersing the sepa- 
rability agent is not sufficient. 

[0009] That is, when a toner resin composition with a low-melting-point crystalline compound whose dispersion is 
not controlled is tonerized under certain kneading conditions, the dispersion becomes somewhat finer, but there is a 
problem in that the distribution of dispersion particle size is wide, making it impossible to obtain toner with a homoge- 
neous dispersion particle size. Tokkai Hei 6-175396 discloses a method to control the dispersion by grafting styrene- 
type monomers to polyethylene wax to control the dispersion; however, the degree of crystallization of the polyethylene 
wax was reduced due to the grafting and the shelf stability became poor, and therefore the basic performance of the 
toner was not satisfactory. 

[001 0] The present invention solves the aforementioned problem and its object is to provide a toner resin composi- 
tion with superior fixability, anti-offset properties and shelf stability, as well as a toner which uses said toner resin com- 
position. 

Brief Summary of the Invention 

[0011] The toner resin composition of the present invention is a toner resin composition composed of a vinyl-type 
copolymer which has styrene-type monomers and (meth)acrylic ester-type monomers as the main ingredients, a low- 
melting-point crystalline compound, and a block compolymer of polystyrene and polyolefin wherein said vinyl-type 
copolymer has at least one peak value in both the range of 5,000-20.000 and the range of 500.000 or higher in the 
molecular weight distribution curve measured by gel permeation chromatography, the amount of said low-melting-point 
crystalline compound is 2-10 weight parts for 100 weight parts of said vinyl-type copolymer, the amount of said block 
copolymer is 0.5-5 weight parts for 100 weight parts of said vinyl-type copolymer, which toner resin composition having 
the characteristics that the average particle area is 0.5-20 urn 2 and the maximum particle area is 30 um 2 or less in any 
25 urn x 25 ^m area when transmission electron microscopy is used to observe said low-melting-point crystalline com- 
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pound which forms domains in the domain-matrix structure formed by said vinyl-type copolymer and the low-melting- 
point crystalline conpound. 

Detailed Description of the Invention 

5 

[001 2] The present invention is described below. 

[0013] The toner resin composition of the present invention is composed of a vinyl-type copolymer which has sty- 
rene-type monomers and acrylic ester-type monomers as the main ingredients, a low-melting-point crystalline com- 
pound, and a block compolymer of polystyrene and polyolefin. 
w [0014] Examples of the aforementioned styrene-type monomers include styrene, o-methytstyrene. m-methylsty- 
rene, p-methylstyrene, a -methylstyrene, p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene. p-t-butylstyrene, p-n- 
hexylstyrene, p-n-octylstyrene, p-n-dodecylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene and 3,4- 
dichlorostyrene. 

[0015] Examples of the aforementioned (meth)acrylic ester monomers include (meth)acrylic esters such as methyl 
15 acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethyl- 
hexyl acrylate, stearyl acrylate, methyl methacryiate, ethyl methacrylate, propyl methacrylate, n-butyl methacrylate, iso- 
butyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, and stearyl methacrylate; and also 2-chloroethyl 
acrylate, phenyl acrylate, methyl a -chloro acrylate, phenyl methacrylate, dimethylaminoethyl methacrylate, 2-hydrox- 
yethyl methacrylate, glycidyl methacrylate, bisglycidyl methacrylate, polyethyleneglycol dimethacrylate and methacry- 
20 loxyethyl phosphate. 

[0016] Of these, more preferably used are ethyl acrylate, propyl acrylate, butyl acrylate, methyl methacrylate. ethyl 
methacrylate, propyl methacrylate and butyl methacrylate. 

[001 7] Other vinyl-type monomers can be added to theaforementioned vinyl-type copolymer. 
[0018] Examples of the other vinyl type monomers include acrylic acid and its a - or p -alkyl derivatives such as 
25 acrylic acid, methacrylic acid, a -ethyl acrylic acid and crotonic acid; unsaturated dicarboxylic acids as well as their 
monoester derivatives anddiester derivatives such as fumaric acid, maleic acid, citraconic acid and rtaconic acid; , and 
also monoacryloyloxyethyl succinate, monomethacryioyloxyethyl succinate, acrylonitrile. methacrylonitrile and acryla- 
mide. They can be used either separately or in combinations of two or more. 

[001 9] For the aforementioned vinyl-type copolymer, those which have at least one peak value in both the range of 
30 5,000-20,000 and the range of 500,000 or higher in the molecular weight distribution curve measured by gel permeation 
chromatography are used. 

[0020] If the aforementioned peak value is in the molecular weight range lower than 5,000, then the strength of the 
toner resin composition decreases. If the peak value exists only in the molecular weight range higher than 20,000 and 
not in the molecular weight range 20,000 or lower, then there are adverse effects on the fixability. 
35 [0021] Also, if the peak value exists only in the molecular weight range lower than 50,000 and not in the molecular 
weight range 50,000 or higher, then there are adverse effects on the anti-offset properties. 

[0022] The peak values in the molecular weight distribution curve of the aforementioned vinyl-type copolymer are 
calculated by with a computer, for example, using the molecular weight distribution curve obtained by GPC. This GPC 
is usually measured by using HTR-C from Nihon Millipore Limited for the apparatus and one KF-800P, two KF-806Ms 
40 and one KF-802 serially connected for the columns. 

[0023] For the measurement conditions, the temperature is 40°C , the sample concentration is 0.2 wt% in a THF 
solution (passed through a 0.45 *im filter), and the injected amount is 100 ul. Standard polystyrene is used for the cal- 
ibration sample. 

[0024] When polymerizing the aforementioned vinyl-type copolymer, it is preferable to use an aliphatic hydrocarbon 
45 peroxide-type polymerization starter. Use of an aromatic hydrocarbon peroxide-type polymerization starter is not desir- 
able in view of safety and health because benzene maybe produced as a by-product in the polymerization. The residual 
amount of benzene in the toner resin composition or toner of the present invention is preferably 5 ppm a less. 
[0025] Examples of the aforementioned aliphatic hydrocarbon peroxide-type polymerization starter include alkylp- 
eroxy esters such as a -cumil peroxyneodecanoate, t-butyl peroxineodecanoate, t-butyl peroxy2-ethylhexanoate, t-butyl 
so peroxyisobutylate, and t-butyl peroxyacetate; dialkylperoxides such as dicumilperoxide, di-t-butylperoxide, and di-t- 
amylperoxide; peroxyketals such as 1,1-di(t-butylperoxy) cyclohexane, 2,2-di(t-butylperoxy) butane, and 1,1-di(t-amylp- 
eroxy) cyclohexane; keton peroxides such as methylethyl ketone peroxide and acetylacetone peroxide; peroxydicarbo- 
nates such as di(2-ethylhexyl) peroxydicarbonate and di(s-butyl) peroxydicarbonate; alkylhydro peroxides such as t- 
butyl hydroperoxide and t-amyl hydroperoxide; and diacyl peroxides such as diisononayl peroxide and dilauroyl perox- 
55 ide. 

[0026] For the low-merting-point crystalline compound used in the present invention, the weight average molecular 
weight is preferably 400-2,000, and more preferably 450-850. 

[0027] If the weight average molecular weight becomes less than 400, then the shelf stability may decrease. If it is 
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more than 2,000, then the fixabilHy may be affected. 

[0028] The temperature of the heat absorption peak associated with the melting of the aforementioned low-melting- 
point crystalline compound (measured by means of DSC) is preferably 70-120°C. 

[0029] If the temperature of the heat absorption peak is less than 70°C, then the shelf stability may decrease to 
5 cause blocking during ordinary temperature storage. If it is higher than 1 20°C, then the melting during the fixing process 
becomes harder and the fixabffrty may decrease. 

[0030] The aforementioned temperature of the heat absorption peak is measured by using a DSC ("DSC220 f, from 
Seiko Electronics Industries, for example) at a temperature rising rate of 10°C/minute. 

[0031] The melt viscosity in 140 °C of the aforementioned low-melting-point crystalline compound is preferably 5- 
10 20 cps. If the melt viscosity is less than 5 cps, then there may be an adverse effect on the shelf stability. If it is more than 
20 cps, then the f ixability may decrease. 

[0032] The aforementioned melt viscosity is measured according to J IS K 6862. 

[0033] Examples of such a low-melting-point crystalline compound include low molecular weight crystalline com- 
pounds, waxes, and crystalline polymers. 
15 [0034] Examples of the aforementioned low molecular weight crystalline compound include higher alcohols such 
as 1-hexadecanol, 1-heptadecanol, stearyl alcohol, 1-nonadecanol, 1-eicosanoI, 1-docosanol, 1-tricosanol, 1-tetra- 
cosanol, and seryl alcohol; higher fatty acids such as palmitic acid, heptadecanoic acid, stearic acid, nonadecanoic 
acid, eicosic acid, behenic acid, tricosic acid, and lignoceric acid, as well as their esters; fatty acid amides such as iinoiic 
acid amide, ricinoleic amide, erucic acid amide, oleic acid amide, eicosanoleic amide, erucitic acid amide, and palmit- 
?t> reic acid amide; and n-paraffin with a carbon number of 21 or more. 

[0035] Examples of the aforementioned waxes include animal waxes such as bees wax and whale wax; plant 
waxes such as carnauba wax, candeiilla wax, and Japanese wax; petroleum waxes such as paraffin wax and microc- 
rystalline wax; and synthetic hydrocarbons such as Fisher-Tropsh wax, polyethylene wax, and polypropylene wax. 
[0036] Examples of the aforementioned crystalline polymer include polyesters obtained by condensation polymer- 
's ization of polyol such as ethylene glycol, 1 ,3-propylene glycol, 1 ,4-butanediol, 1 ,5-pentanediol, 1 ,6-hexane diol, hexam- 
ethylene glycol, and tetramethylene glycol with polybasic acid such as fumaric acid, maleic acid, itaconic acid, 
terephthaiic acid, succinic acid, adipic acid, and sebacic acid; polyethers such as polyethylene glycol and polypropylene 
glycol; and vinyl-type polymers which contain, as main polymerization units, long-chain alkyl esters such as behenyl 
alkylate, behenyl methacrylate, behenyl itaconate, and stearyl itaconate. 
w [0037] Of the aforementioned low-melting-point crystalline compounds, waxes are particularly preferable. Since the 
molecular weight and the dispersibility are limited due to the necessity to satisfy both the low temperature f ixability and 
the anti-offset property, paraffin wax, ethylene wax, propylene wax, etc. are preferably used, and Fisher-Tropsh wax is 
particularly preferable. 

[0038] The aforementioned Fisher-Tropsh wax is a synthetic wax synthesized by hydrogenation of carbon monox- 
« ide, using coal, natural gas, etc. as the raw material. It can be fractionated by means of distillation before use. 

[0039] The aforementioned crystalline compound can be used either independently or in combinations of two or 
more. 

[0040] The content of the aforementioned crystalline compound is preferably 2-1 0 weight parts for 1 00 weight parts 
of the aforementioned vinyl-type copolymer. If the content is less than 2 weight parts, then sufficient low temperature 

o f ixability may not be obtained. If it is more than 10 weight parts, then the shelf stability may decrease. 

[0041] In the aforementioned toner resin composition, the aforementioned vinyl-type copolymer and the low-melt- 
ing-point crystalline compound form a domain-matrix structure. When domains formed by the low-melting-point crystal- 
line compound are observed through a transmission-type electron microscope, the average particle area occupied by 
the low-melting-point crystalline compound in any 25 um x 25 urn area is 0.5-20 urn 2 , and preferably 0.7-10 um 2 . If the 

5 average particle area is less than 0.5 um 2 , then the anti-offset effect cannot be obtained. If it is more than 20 um 2 then 
the fluidity and the shelf stability decrease. 

[0042] The maximum particle area should be 30 u m 2 or less, because the fluidity and the shelf stability decrease 
if it exceeds 30 um 2 . 

[0043] For the block copolymer of polystyrene and polyolefin used in the present invention, those with a styrene 
o content of 20-80 wt% and a number average molecular weight in styrene equivalent of 1 ,000-1 50,000 are preferable. 
[0044] If the aforementioned styrene content is less than 20 wt%. then the affinity with the aforementioned vinyl- 
type copolymer decreases and therefore the dispersibility of the low-melting-point crystalline compound as described 
below may decrease. If the aforementioned styrene content is more than 80 wt%, then the affinity with the low-melting- 
point crystalline compound as described below decreases and therefore the dispersibility of the wax may decrease. 
5 [0045] If the number average molecular weight in styrene equivalent of the aforementioned block copolymer is less 
than 1 ,000, then the glass transition point of the aforementioned vinyl-type copolymer decreases and the shelf stability 
may decrease. If the number average molecular weight in styrene equivalent exceeds 1 50, 000, then the f ixability and 
the crushability at the time of making toner become poor and productivity may decrease. 
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[0046] The aforementioned block copolymer can be obtained by means of, for example, living polymerization. 
[0047] For polyolefin, which is an ingredient of the block copolymer, di-ene-type monomers are preferable for the 
start monomers. Examples include butadiene and isoprene. The synthesized block copolymer still has double bonds in 
the form of 1 ,4 type or 1 ,2 type bonds. Compounds obtained by hydrogenating these bonds can also be used. 
[0048] As descrbed above, the polyolefin block can have various structures and there is no particular limitation. 
More preferable is the 1 ,4-butadiene hydrogenated. 

[0049] The content of the aforementioned block copolymer is 0.5-5 weight parts for 100 weight parts of the vinyl- 
type copolymer. 

[0050] If the content of the aforementioned block copolymer is less than 0.5 weight parts, then the dispersibihty of 
the low-melting-point crystalline compound decreases and the shelf stability may decrease. 

[0051 ] If the content of the block copolymer is more than 5 weight parts, then the f ixability and the crushability at 
the time of making toner become poor and productivity may decrease. 

[0052] For better- shelf stability, the glass transition point of the toner resin composition of the present invention 
should preferably be 50°C or higher. For better taxability, the flow softening point should preferably be 1 30°C or less. 
15 [0053] The toner resin composition of the present invention can be prepared, for example, by mixing the aforemen- 
tioned vinyl-type copolymer, the low-melting-point crystalline compound and the block copolymer of polystyrene and 
polyolefin, and melt-kneading the mixture with a roll-mill, kneader, extruder, etc. 

[0054] Methods of preparing the toner resin composition other than the method mentioned above include a method 
in which, in the polymerization process of the aforementioned vinyl-type copolymer, the aforementioned low-melting- 

20 point crystalline compound and the block copolymer are added before, during, or after the polymerization. 

[0055] For the polymerization method, solution polymerization, suspension polymerization, bulk polymerization, 
etc. can be adopted. It is particularly preferable to add the block copolymer before the polymerization, when the dispers- 
ibility of the low-melting-point crystalline compound is the best, and then carry out the solution polymerization. 
[0056] The toner of the present invention can be prepared, tor example, by dispersing a coloring agent, an electric 

25 charge control agent, and, as necessary, magnetic particles and such, followed by heat melt-kneading and crushing. 
[0057] Examples of the aforementioned coloring agent include carbon black, chrome yellow, aniline black, phthalo- 
cyanine blue, quinoline yellow, lamp black, rhodamine B. and quinadidone. The content of the coloring agent is prefer- 
ably 1-10 weight parts for 100 weight parts of the aforementioned toner resin composition. 

[0058] For the aforementioned electric charge control agent, there are those for the positive electric charge and 
30 those for the negative electric charge. 

[0059] Examples of those for the positive electric charge include nigrosine dye, ammonium salt, and azme. Exam- 
ples of those for the negative electric charge include chrome complex and iron complex. 

[0060] The content of the electric charge control agent is preferably 1 -10 weight parts for 100 weight parts of the 
aforementioned toner resin composition. 

35 [0061] For the separability agent in toner preparation, usually polypropylene wax, for example, is dispersed by 
means of mixing and melting. However, since the toner resin composition of the present invention contains a low-melt- 
ing-point crystalline compound, it was shown to exhibit sufficient separating effects without using polypropylene wax. 
However, there is no problem in using polypropylene wax as necessary, and. for actual use, it is preferable to introduce 
polypropylene wax at the time of preparation of the toner resin composition from the point of view of dispersibility. 

40 [0062] The toner thus obtained can additionally have a f luidizing agent to increase the powder fluidity. Examples of 
said fluidizing agent include hydrophobic silica powder, acrylic resin powder, f luoro resin powder, and higher fatty acid 
metal salt powders. 

[0063] In the toner which uses the toner resin composition of the present invention, the vinyl-type copolymer and 
the low-melting-point crystalline compound form a domain-matrix structure. When the domains formed by the low-melt- 
45 ing-point crystalline compound are observed through a transmission-type electron microscope, the average particle 
area occupied by the low-melting-point crystalline compound in any 25 um x 25 um area is 0.5-50 um , and preferably 
0.7-30 um 2 . 

[0064] If the average particle area is less than 0.5 um 2 , then the anti-offset effect cannot be obtain ed. Ifrt is more 
than 50 urn 2 , then the fluidity and the shelf stability decrease. The maximum particle area should be 150 um 2 or less, 
because the fluidity and the shelf stability decrease if it exceeds 150 um 2 . 
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(Actions) 



[0065] The toner resin composition and toner of the present invention allow easy control of the dispersion of the 
55 low-melting-point crystalline compound in the toner because the low-melting-point crystalline compound in the vinyl- 
type copolymer is finely dispersed due to the presence of the block copolymer of polystyrene and polyolefin and there- 
fore has superior anti-offset properties, f ixability, and shelf stability. Since the low-melting-point crystalline compound 
and the block copolymer do not bond chemically, the degree of crystallization does not decrease. 
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[0066] Conventionally, toner which had the domain-matrix structure of the low-melting-point crystalline compound 
and the resin component, particularly when it was used for low temperature fixing, had weak toner strength due to its 
weak interface, and the toner on the sleeve cracked due to friction with the blade and such, rendering it unsuitable as a 
toner for one-component development. 

[0067] However, since the area of the domains in the domain-matrix structure of the toner is controlled as described 
in the present invention, the toner strength improves and the toner becomes sufficient for use as a toner for one-com- 
ponent development. 

[0068] The toner resin composition and the toner of the present invention are described above. The toner resin 
composition is composed of a vinyl-type copolymer which has styrene-type monomers and (meth)acrylic ester-type 
monomers as the main ingredients, a low-melting-point crystalline compound, and a block compolymer of polystyrene 
and polyolefin. Since the vinyl-type copolymer has at least one peak value in both the range of 5,000-20,000 and the 
range of 500,000 or higher in the molecular weight distribution curve, superior anti-offset properties, f ixability, and shelf 
stability are achieved. Also, the specific domain-matrix structure formed by the vinyl-type copolymer and the low-melt- 
ing-point crystalline compound allows it to be used also as a toner for one-component development. 
[0069] Moreover, by using a vinyl-type copolymer polymerized by using an aliphatic hydrocarbon peroxide type 
polymerization starter, the dipseribility of the low-melting-point crystalline compound improves and a toner resin com- 
position and toner with superior shelf stability can be obtained. 

Examples 

[0070] Examples and Comparative examples of the present invention are shown below. 
(Example 1) 

[0071] 30 weight parts of a vinyl-type copolymer with a peak molecular weight value of 500,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate. 4 weight parts of the low-melting-point 
crystalline compound (A) shown in Tablel , 1 weight part of the block copolymer of polystyrene and polyolefin (a) shown 
in Table 2. and 1 00 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 
nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was ref luxing and the mixture was 
being stirred, a mixture of 50 weight parts of styrene, 1 5 weight parts of N-butyl acrylate and 3.8 weight parts of benzoyl 
peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent solution 
polymerization. After completion of the dripping, stirring continued with toluene ref luxing for one more hour for matura- 
tion, and a low molecular weight polymer with a molecular weight peak value of 8,000 was polymerized. 
[0072] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 
and obtain a resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
[0073] 100 weight parts of the aforementioned toner resin composition, 1 .5 weight parts of a chrome gold-contain- 
ing dye ( M S-34 M from Orient Chemical Industries, Ltd.), and 6.5 weight parts of carbon black ("MA-100" from Mitsubishi 
Chemical Corporation) were mixed and melt-kneaded at a rotating speed of 96 rpm and at 150°C using a duaJ-axle 
kneader ("S1 KRC KNEADER" from Kurimoto Ltd.), and then crushed with a jet-mill ("Labojet" from Nippon Pneumatical 
Mfg. Co., Ltd.) to obtain toner particles with an average particle size of approximately 10 u.m. 
[0074] 0.3 wt% of hydrophobic silica powder ("R972" from Aerosil Japan) was added to these toner particles to 
obtain the toner. 

(Example 2) 

[0075] 100 weight parts of the same toner resin composition as in Example 1, 1.5 weight parts of CCA ("BONTRON 
N-01" from Orient Chemical Industries, Ltd. ). and 100 weight parts of magnetic particles ("KBC-100S n from Kanto 
Denka Kbgyo Co., Ltd.) were mixed and melt-kneaded at a rotating speed of 96 rpm and at 150°C using a dual-axle 
kneader ("S1 KRC KNEADER" from Kurimoto Ltd.), and then crushed with a jet-mill f Labojef from Nippon Pneumatical 
Mfg. Co., Ltd. ) to obtain toner particles with an average particle size of approximately 10 u.m. 0.3 wt% of hydrophobic 
silica powder (^972" from Aerosil Japan) was added to these toner particles to obtain the toner. 

(Example 3) 

[0076] 20 weight parts of a vinyl-type copolymer with a peak molecular weight value of 1 .500,000 obtained by 
polymerizing a mixture composed of 70 wt% styrene and 30 wt% N-butyl acrylate, 8 weight parts of the low-melting- 
point crystalline compound (B) shown in Tablel, 3 weight parts of the block copolymer of polystyrene and polyolefin (b) 
shown in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the 
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flask with nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was refluxing and the mix- 
ture was being stirred, a mixture of 60 weight parts of styrene, 15 weight parts of N-butyl acryiate and 3.2 weight parts 
of benzoyl peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent 
solution polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour for 
5 maturation, and a low molecular weight polymer with a molecular weight peak value of 1 5,000 was polymerized. 

[0077] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 
and obtain a resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
Toner was obtained from the aforementioned toner resin composition in the same manner as in Example 1. 

w (Example 4) 

[0078] Toner was obtained in the same manner as in Example 2 except for the fact that the same toner resin com- 
position as in Example 3 was used. 

15 (Examples) 

[0079] 30 weight parts of a vinyl-type copolymer with a peak molecular weight value of 500,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acryiate, 3 weight parts of the block copolymer of 
polystyrene and polyolefin (b) shown in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. 
20 After purging the inside of the flask with nitrogen gas, the temperature was raised to the boiling point of toluene. As tol- 
uene was refluxing and the mixture was being stirred, a mixture of 50 weight parts of styrene, 1 5 weight parts of N-butyl 
acryiate and 3.8 weight parts of benzoyl peroxide (polymerization starter) was dripped into it over a period of three 
hours to carry out the coexistent solution polymerization. 

[0080] After completion of the dripping, stirring continued with toluene refluxing for one more hour for maturation, 
25 and a low molecular weight polymer with a molecular weight peak value of 8,000 was polymerized. _ 

[0081 ] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 
and obtain a resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
[0082] 100 weight parts of the aforementioned toner resin composition, 1 .5 weight parts of a chrome gold-contain- 
ing dye ("S-34" from Orient Chemical Industries, Ltd.). and 6.5 weight parts of carbon black ("MA-100" from Mitsubishi 
30 Chemical Corporation) were mixed and melt-kneaded at a rotating speed of 96 rpm and at 150°C using a dual-axle 
kneader ("S1 KRC KNEADER" from Kurimoto Ltd.), and then crushed with a jet-mill ("Labojer from Nippon Pneumatical 
Mfg. Co., Ltd.) to obtain toner particles with an average particle size of approximately 10 urn. 
[0083] 0.3 wt% of hydrophobic silica powder ("R972" from Aerosil Japan) was added to these toner particles to 
obtain the toner. 

35 

(Example 6) 

[0084] 100 weight parts of the same toner resin composition as in Example 5, 8 weight parts of the low-melting- 
point crystalline compound (A) shown in Table 1, 1.5 weight parts of CCA ("BONTRON N-01" from Orient Chemical 
40 industries, Ltd.), and 100 weight parts of magnetic particles ("KBC-IOOS" from Kanto Denka Kogyo Co., Ltd. ) were 
mixed and melt-kneaded at a rotating speed of 96 rpm and at 150°C using a dual-axle kneader ("S1KRC KNEADER" 
from Kurimoto Ltd.), and then crushed with a jet-mill ("Labojet" from Nippon Pneumatical Mfg. Co., Ltd.) to obtain toner 
particles with an average particle size of approximately 10 nm. 0.3 wt% of hydrophobic silica powder ( R972" from Aer- 
osil Japan) was added to these toner particles to obtain the toner. 

45 

(Example 7) 

[0085] 30 weight parts of a vinyl-type copolymer with a peak molecular weight value of 500,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acryiate, 8 weight parts of the low-melting-point 

so crystalline compound (E) shown in Tablel , 1 weight part of the block copolymer of polystyrene and polyolefin (a) shown 
in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 
nitrogen gas. the temperature was raised to the boiling point of toluene. As toluene was refluxing and the mixture was 
being stirred, a mixture of 50 weight parts of styrene. 1 5 weight parts of N-butyl acryiate and 3.8 weight parts of benzoyl 
peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent solution 

55 polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour for matura- 
tion, and a low molecular weight polymer with a molecular weight peak value of 8,000 was polymerized. 
[0086] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 
and obtain a resin. Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin com- 
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position is used. 
(Example 8) 

s [0087] 20 weight parts of a vinyl-type copolymer with a peak molecular weight value of 1 ,500,000 obtained by 
polymerizing a mixture composed of 70 wt% styrene and 30 wt% N-butyl acrylate, 8 weight parts of the low-melting- 
point crystalline compound (F) shown in Tablel , 3 weight parts of the block copolymer of polystyrene and polyolefin (b) 
shown in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the 
flask with nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was ref luxing and the mix- 

w ture was being stirred, a mixture of 60 weight parts of styrene, 1 5 weight parts of N-butyl acrylate and 3.8 weight parts 
of benzoyl peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent 
solution polymerization. After completion of the dripping, stirring continued with toluene ref luxing for one more hour for 
maturation, and a low molecular weight polymer with a molecular weight peak value of 15,000 was polymerized. 
[0088] TTie temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 

ts and obtain a resin. Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin com- 
position is used. 

(Example 9) 

?o [0089] 100 weight parts of the same toner resin composition as in Example 5, 8 weight parts of the low-melting- 
point crystalline compound (E) shown in Table 1, 1.5 weight parts of CCA ("BONTRON N-or from Orient Chemical 
Industries, Ltd.), and 100 weight parts of magnetic particles ("KBC-100S" from Kanto Denka Kogyo Co., Ltd.) were 
mixed and melt-kneaded at a rotating speed of 96 rpm and at 150°C using a dual-axle kneader ( n S1KRC KNEADER" 
from Kurimoto Ltd.), and then crushed with a jet-mill ("LabojeT from Nippon Pneumatical Mfg. Co.. Ltd.) to obtain toner 

?5 particles with an average particle size of approximately 10 ^m. 0.3 wt% of hydrophobic silica powder ("R972" from Aer- 
osil Japan) was added to these toner particles to obtain the toner. 

(Comparative example 1) 

'o [0090] 40 weight parts of a vinyl-type copolymer with a peak molecular weight value of 300,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 1 weight part of the low-melting-point crys- 
talline compound (C) shown in Tablel , 0.1 weight part of the block copolymer of polystyrene and polyolefin (d) shown 
in Table 2, and 1 00 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 
nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was ref luxing and the mixture was 

5 being stirred, a mixture of 50 weight parts of styrene, 1 0 weight parts of N-butyl acrylate and 5.5 weight parts of benzoyl 
peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent solution 
polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour for matura- 
tion, and a low molecular weight polymer with a molecular weight peak value of 4,000 was polymerized. 
[0091 ] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 

o and obtain a resin. Toner was obtained in the same manner as in Example 1 except for the fact that this toner resin com- 
position is used. 

(Comparative example 2) 

5 [0092] Toner was obtained in the same manner as in Example 2 except for the fact that the same toner resin com- 
position as in Comparative example 1 was used. 

(Comparative example 3) 

5 [0093] 40 weight parts of a vinyl-type copolymer with a peak molecular weight value of 300,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 12 weight part of the low-melting-point 
crystalline compound (D) shown in Tablel. 10 weight parts of the block copolymer of polystyrene and polyolefin (c) 
shown in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the 
flask with nitrogen gas. the temperature was raised to the boiling point of toluene. As toluene was refluxing and the mix- 

> ture was being stirred, a mixture of 32 weight parts of styrene, 5 weight parts of N-butyl acrylate and 1 weight parts of 
benzoyl peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent 
solution polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour for 
maturation, and a low molecular weight polymer with a molecular weight peak value of 50,000 was polymerized. 
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[0094] The temperature in the flask was then gradually raised up to 1 80°C at a reduced pressure to remove toluene 
and obtain a resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
Toner was obtained from the aforementioned toner resin composition in the same manner as in Example 1 except for 
the fact that this toner resin composition is used. However, the crushing efficiency decreased when the toner was 
5 crushed, and the productivity was not very good. 

(Comparative example 4) 

[0095] Toner was obtained in the same manner as in Example 2 except for the fact that the same toner resin com- 
ic position as in Comparative example 3 was used. However, the crushing efficiency decreased when the toner was 
crushed, and the productivity became poor. 

(Comparative example 5) 

75 [0096] Toner was obtained in the same manner as in Example 1 except for the fact that the block copolymer of pol- 
ystyrene and polyolef in was not used at all. 

(Comparative example 6) 

20 [0097] Toner was obtained in the same manner as in Example 2 except for the fact that the block copolymer of pol- 
ystyrene and polyolefin was not used at all. 

(Comparative example 7) 

25 [0098] Toner was obtained in the same manner as in Example 7 except for the fact that the block copolymer of pol- 
ystyrene and polyolefin was not used at all. 



[Table 1] 



Type 


Ingredient 


Mw 


Melt viscosity (cps) at 
180°C 


DSC melting point (°C) 


A 


Fisher-Tropsh wax 


670 


6 


98 


B 


Fisher-Tropsh wax 


1000 


10 


107 


C 


Fisher-Tropsh wax 


300 


3 


65 


D 


Polypropylene 


2500 


1800 


160 


E 


Paraffin 


520 


5 


77 


F 


Paraffin 


630 


1Q 


83 



[Table 2] 



Type 


Ingredient 


Styrene content (wt%) 


Average molecular 
weight in styrene equiva- 
lent 


a 


St/isoprene hydrogenated/St triblock 


65 


60,000 


b 


St/butadiene hydrogenated diblock 


30 


75,000 


c 


SVisoprene hydrogenated/St triblock 


10 


300,000 


d 


St/butadiene hydrogenated diblock 


90 


500 


St: Styrene 
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[Table 3] 





Composition of the vinyl-type 
copolymer (wt%) 


Molecular weight of the vinyl- 
type copolymer 




Styrene 


N-butyl acrylate 


Peak value 1 


Peak value 2 


Examole 1 


80 


20 


8,000 


500,000 


Pvamnlp 0 


70 


30 


15,000 


500.000 


Examole 3 


70 


30 


8,000 


1,500,000 


Examnlp 4 


70 


30 


8,000 


1,500,000 


FxafPDlP 5 


80 


20 


8,000 


500,000 


Fxamnlp 6 

1_ ACT 1 1 l^JI C U 


80 


20 


8,000 


500,000 


Pynmnip 7 


70 


30 


8,000 


500,000 


Pysmnlp ft 


70 


30 


15,000 


1,500,000 


Fxamnlp Q 


70 


30 


8,000 


1,500,000 


Comparative example 1 


80 


20 


4,000 


300,000 


Comparative example 2 


80 


20 


4,000 


300,000 


Comparative example 3 


80 


20 


50,000 


300,000 


Comparative example 4 


80 


20 


50,000 


300,000 


Comparative example 5 


80 


20 


8,000 


500,000 


Comparative example 6 


70 


30 


15,000 


500.000 


Comparative example 7 


70 


30 


8,000 


500,000 


Peak value 1 : 5,000-20,000, Peak value 2: 500, 000 or higher 



[Table 4] 





Toner resin composition (weight parts) 




Vinyl-type copolymer 


Low-melting-point crys- 
talline compound (type) 


Block copolymer (type) 


Example 1 


30 


4(A) 


1(a) 


Example 2 


30 


4(A) 


1(a) 


Example 3 


20 


8(B) 


3(b) 


Example 4 


20 


8(B) 


3(b) 


Example 5 


30 




3(b) 


Example 6 


30 




3(b) 


Example 7 


30 


8(E) 


1(a) 


Example 8 


20 


8(F) 


3(b) 


Example 9 


30 




3(b) 


Comparative example 1 


40 


1(C) 


0.1(d) 


Comparative example 2 


40 


1(C) 


0.1(d) 
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[Table 4) (continued) 





Toner resin composition (weight parts) 




Vinyl-type copolymer 


Low-melting-point crys- 
talline compound (type) 


Block copolymer (type) 


Comparative example 3 


40 


12(D) 


10(c) 


Comparative example 4 


40 


' 12(D) 


10(c) 


Comparative example 5 


30 


4(A) 




Comparative example 6 


30 


4(A) 




Comparative example 7 


30 


8(E) 





15 [0099] The toners obtained in the aforementioned Examples and Comparative examples were tested for their per- 
formance in regard to the following items and the evaluation results are shown in Table 5 and Table 6. 

(1) Dispersibility 

20 [01 00] Toner lumps obtained during the melt-kneading stage in the toner preparation process were dyed with Ru04 
and then a microtome was used to make thin film pieces with a thickness of approximately 0.5 urn. A transmission-type 
electron microscope was used to take pictures of the dispersion state of the low-melting-point crystalline compound. 
The obtained transmission-type electron microscopic photographs were used to measure the average particle area 
occupied by the low-melting-point crystalline compound in any 25 |im x 25 urn area. 

25 

(2) Rxability 

[0101] 6.5 weight parts of the toner and 93.5 weight parts of iron powder carrier with an average particle size of 
approximately 50-80 urn were mixed to prepare a developing agent, and this developing agent was used to obtain mul- 

30 tipie unfixed image copies. 

[0102] The surface temperature of the heat fixing roll was then set at 150°C and 170°C, and fixation of the toner 
images on the sheets on which the aforementioned unfixed images were formed was carried out. 
[0103] The electronic photocopier used was "U-BIX416QAF" from Konica Corporation with some modifications. The 
fixed images thus formed were rubbed with cotton pads and the following equation was used to calculate the fixation 

35 strength, which was used as an index of the low energy fixability. 

Fixation strength (%) = [(image density of fixed imaged after rubbing)/(image density of fixed imaged 

before rubbing)] x 100 

40 

[0104] Where, the image density was measured by using a reflection densitometer ("RD-914" from Macbeth). 

(3) Offset properties 

45 [0105] The surface temperature of the heat fixation roll was varied in steps and, at each temperature, copies were 
made by fixing the toner images on the sheets which had the aforementioned unfixed images on them. 
[0106] Observations were made to see whether the blank portions had toner stains. The non-offset temperature 
region was defined as a temperature region where stains did not show. The non-offset temperature width was defined 
as the difference between the maximum and minimum values of the non-offset temperature region. 

50 

(4) Shelf stability 

[0107] 20 g of the toner was put into a 200 ml sample bottle and, after allowing it to stand for 48 hours in a constant 
temperature bath at 50°C, sifted using a powder tester ("PT-E type" from Hosokawa Micron, Ltd.) for 10 seconds with 
55 an amplitude of 1 mm. Using a sieve with an aperture of 250 jim, a residual amount of 1 g or less was accepted, indi- 
cated by "O". a residual amount of more than 1 g was not accepted, indicated by "X w . 
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[Table 5] 





Toner resin composition 


Toner 




Average particle 
area (u.nr) 


Maximum particle 
area (unr) 


Average particle area 
(nm 2 ) 


Maximum particle 
area (urn 2 ) 


Example 1 


5.0 


13.0 


3.0 


10.0 


Example 2 


5.0 


13.0 


3.0 


10.0 


Example 3 


4.0 


9.0 


1.0 


6.0 


Example 4 


4.0 


9.0 


1.0 


6.0 


Example 5 


■ 


~ 


10.0 


20.0 


Example 6 




*■ 


10.0 


20.0 


Example 7 


6.0 


20.0 


3.5 


15.0 


Example 8 


2.0 


10.0 


1.2 


8.0 


Example 9 






9.0 


20.0 


Kjyjmpeu cllivts fciXdn ifjlfc! I 


30.0 


50.0 


22.0 


40.0 


Comparative example 2 


30.0 


50.0 


22.0 


40.0 


Comparative example 3 


0.2 


1.0 


0.1 


0.5 


Comparative example 4 


0.2 


1.0 


0.1 


0.5 


Comparative example 5 


34.0 


55.0 


25.0 


45.0 


Comparative example 6 


34.0 


55.0 


25.0 


45.0 


Comparative example 7 


30.0 


54.0 


23.0 


46.0 



[Table 6] 





Non-offset tempera- 
ture region (°C) 


Non-offset tempera- 
ture width (°C) 


Fixation strength (%) 


Shelf stability 








150°C 


170°C 




Example 1 


140-210 t 


70 1 


75 


88 


O 


Example 2 


140-210 t 


70 t 


75 


88 


O 


Example 3 


140-210 t 


70 T 


76 


88 


O 


Example 4 


140-210 t 


70 T 


! 76 


88 


O 


Example 5 


140-210 t 


70 t 


75 


90 


O 


Example 6 


140-210 t 


70 t 


75 


90 


O 


Example 7 


140-210 t 


70 t 


75 


88 


O 


Example 8 


140-210 t 


70 t 


76 


88 


O 


Example 9 


140-210 t 


70 t 


75 


90 


O 


Comparative example 1 


140-180 


40 


70 


77 


X 


Comparative example 2 


140-180 


40 


70 


77 


X 


Comparative example 3 


155-190 


35 




70 


X 
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[Table 6] (continued) 





Non-offset tempera- 
ture region (°C) 


Non-offset tempera- 
ture width 


Fixation strength (%) 


Shelf stability 








150°C 


170°C 




Comparative example 4 


155-190 


35 




70 


X 


Comparative example 5 


140-190 


50 


75 


88 


X 


Comparative example 6 


140-190 


50 


75 


88 


X 


Comparative example 7 


140-190 


50 


75 


88 


X 


T rindicates that the temperature is the value shown or higher. 



is (Example 10) 

[01 08] 30 weight parts of a vinyl-type copolymer with a peak molecular weight value of 500,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 4 weight parts of the low-melting -point 
crystalline compound (A) shown in Tablel , 1 weight part of the block copolymer of polystyrene and polyolef in (a) shown 

20 in Table 2, and 1 00 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 
nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was ref luxing and the mixture was 
being stirred, a mixture of 50 weight parts of styrene, 15 weight parts of N-butyl acrylate and 4 weight parts of t-butyl 
peroxy-2-ethylhexanoate (polymerization starter) was dripped into it over a period of three hours to carry out the coex- 
istent solution polymerization. After completion of the dripping, stirring continued with toluene ref luxing for one more 

25 hour for maturation, and a low molecular weight polymer with a molecular weight peak value of 8,000 was polymerized. 
[0109] The temperature in the flask was then gradually raised to 180°C at a reduced pressure to remove toluene 
and the toluene removal was continued for an hour with a pressure reduction of 720 mmHg or more to obtain a resin. 
After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
[01 1 0] Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin composition 

so was used. 

(Example 11) 

[0111] 20 weight parts of a vinyl-type copolymer with a peak molecular weight value of 1,500,000 obtained by 
35 polymerizing a mixture composed of 70 wt% styrene and 30 wt% N-butyl acrylate. 8 weight parts of the low-melting- 
point crystalline compound (B) shown in Tablel , 3 weight parts of the block copolymer of polystyrene and polyolefin (b) 
shown in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the 
flask with nitrogen gas. the temperature was raised to the boiling point of toluene. As toluene was ref luxing and the mix- 
ture was being stirred, a mixture of 60 weight parts of styrene, 15 weight parts of N-butyl acrylate and 3.3 weight parts 
40 of t-butyl peroxy neoheptanoate (polymerization starter) was dripped into it over a period of three hours to carry out the 
coexistent solution polymerization. After completion of the dripping, stirring continued with toluene refluxing for one 
more hour for maturation, and a low molecular weight polymer with a molecular weight peak value of 1 5,000 was polym- 
erized. 

[0112] The temperature in the flask was then gradually raised up to 180°C at a reduced pressure to remove tolu- 
45 ene, and the toluene removal was continued for an hour with a pressure reduction of 720 mmHg or more to obtain a 
resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
[01 1 3] Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin composition 
was used. 

so (Example 12) 

[01 14] 30 weight parts of a vinyl-type copolymer with a peak molecular weight value of 500.000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 3 weight parts of the block copolymer of 
polystyrene and polyolefin (b) shown in Table 2. and 100 weight parts of toluene were put into a flask and dissolved. 
55 After purging the inside of the flask with nitrogen gas, the temperature was raised to the boiling point of toluene. As tol- 
uene was refluxing and the mixture was being stirred, a mixture of 50 weight parts of styrene, 1 5 weight parts of N-butyi 
acrylate and 3.3 weight parts of t-butyl peroxy-2-ethylhexanoate (polymerization starter) was dripped into it over a 
period of three hours to carry out the coexistent solution polymerization. After completion of the dripping, stirring con- 
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tinued with toluene refluxing for one more hour for maturation, and a low molecular weight polymer with a molecular 
weight peak value of 1 5,000 was polymerized. 

[0115] The temperature in the flask was then gradually raised up to 180°C at a reduced pressure to remove tolu- 
ene, and the toluene removal was continued for an hour with a pressure reduction of 720 mmHg or more to obtain a 
5 resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 

[01 1 6] Toner was obtained in the same manner as in Example 6 except for the fact that this toner resin composition 
was used. 

(Comparative example 8) 

10 

[01 17] 40 weight parts of a vinyl-type copolymer with a peak molecular weight value of 300,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 1 weight part of the low-melting-point crys- 
talline compound (C) shown in Tablel, 0.1 weight part of the block copolymer of polystyrene and polyolefin (b) shown 
in Table 2, and 1 00 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 

is nitrogen gas. the temperature was raised to the boiling point of toluene. As toluene was refluxing and the mixture was 
being stirred, a mixture of 50 weight parts of styrene, 10 weight parts of N-butyl acrylate and 5.5 weight parts of benzoyl 
peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent solution 
polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour for matura- 
tion, and a low molecular weight polymer with a molecular weight peak value of 4,000 was polymerized. 

20 [0118] The temperature in the flask was then gradually raised up to 180°C at a reduced pressure to remove tolu- 
ene, and the toluene removal was continued for an hour with a pressure reduction of 720 mmHg or more to obtain a 
resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 
[01 1 9] Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin composition 
was used. 

25 

(Comparative example 9) 

[0120] 40 weight parts of a vinyl-type copolymer with a peak molecular weight value of 300,000 obtained by polym- 
erizing a mixture composed of 80 wt% styrene and 20 wt% N-butyl acrylate, 1 weight part of the low-melting-point crys- 

?o talline compound (D) shown in Tablel , 0.1 weight part of the block copolymer of polystyrene and polyolefin (c) shown 
in Table 2, and 100 weight parts of toluene were put into a flask and dissolved. After purging the inside of the flask with 
nitrogen gas, the temperature was raised to the boiling point of toluene. As toluene was refluxing and the mixture was 
being stirred, a mixture of 32 weight parts of styrene, 5 weight parts of N-butyl acrylate and 1 weight part of benzoyl 
peroxide (polymerization starter) was dripped into it over a period of three hours to carry out the coexistent solution 

*5 polymerization. After completion of the dripping, stirring continued with toluene refluxing for one more hour tor matura- 
tion, and a low molecular weight polymer with a molecular weight peak value of 50,000 was polymerized. 
[0121] The temperature in the flask was then gradually raised up to 180°C at a reduced pressure to remove tolu- 
ene, and the toluene removal was continued for an hour with a pressure reduction of 720 mmHg or more to obtain a 
resin. After cooling, this resin was crushed to obtain the toner resin composition of the present invention. 

io [01 22] Toner was obtained in the same manner as in Example 2 except for the fact that this toner resin composition 
was used. 

[0123] Toner was obtained in the same manner as in Example 10 except for the fact that the block copolymer of 
polystyrene and polyolefin (a) was not used at all and that 3.8 weight parts of benzoyl peroxide, instead of t-butyl per- 
oxy-2-ethylhexanoate, was used as the polymerization starter. 

■5 



[Table 7] 





Composition of the vinyl-type 
copolymer (wt%) 


Molecular weight of the vinyl- 
type copolymer 




Styrene 


N-butyl acrylate 


Peak value 1 


Peak value 2 


Example 10 


80 


20 


8.000 


500,000 


Example 1 1 


70 


30 


15,000 


1.500,000 


Example 12 


80 


20 


15,000 


500,000 


Comparative example 8 


80 


20 


4,000 


300,000 


Comparative example 9 


80 


20 


50,000 


300.000 



14 



•irv. ,co naoooco«<) i „ 



EP 0 992 858 A2 

[Table 7] (continued) 





Composition of the vinyl-type 
copolymer (wt%) 


Molecular weight of the vinyl- 
type copolymer 




Styrene 


N-butyl acrylate 


Peak value 1 


Peak value 2 


Comparative example 10 


80 


20 


8,000 


500,000 


Peak value 1 : 5,000-20,000, Peak value 2: 500,000 or higher 



Fable 8] 





Toner resin composition (weight parts) 




Vinyl-type copolymer 


Low-melting-point crys- 
talline compound (type) 


Block copolymer (type) 


Example 10 


30 


4(A) 


1(a) 


Example 11 


20 


8(B) 


3(b) 


Example 12 


30 




3(b) 


Comparative example 8 


40 


1(C) 


0.1(b) 


Comparative example 9 


40 


1(D) 


0.1(c) 


Comparative example 10 


30 


4(A) 





[0124] The toners obtained in the aforementioned Examples 10-12 and Comparative examples 8-10 were tested 
for their performance in items (1)-(4) as in Example 1 as well as in the following item (5), and the evaluation results are 
shown in Table 9 and Table 10. 

(5) Residual amount of benzene 

[01 25] 0.30 g of the toner, precisely weighed, was put into a 50 ml vial and sealed, followed by heating at 1 50°C for 
30 minutes. 1 ml of the gas in the vapor portion was sampled and measured by using a mass spectrometer (HP5890 
SERIES II/HP5972). 

[01 26] The standard sample was prepared by adding a prescribed amount of the standard substance (benzene) to 
the aforementioned sample. The ionization method was the El method (70 eV). For the column, DB-624 (60 ml x 0.32 
mmi • d x 1 .8 ^m) was used. After injecting 1 ml, the sample was held at 35°C for 3 minutes, the temperature was 
raised to 60°C at a temperature raising rate of 2°C/minute, and then the temperature was raised to 230°C at a temper- 
ature raising rate of 20°C/minute for the measurements. The obtained chart was corrected by using the value obtained 
by the standard sample measurement to obtain the residual amount of benzene. 



[Table 9] 





Toner resin composition 


Toner 




Average particle 
area (jim 2 ) 


Maximum particle 
area (urn 2 ) 


Average particle 
area (urn 2 ) 


Maximum particle 
area (urn 2 ) 


Residual amount 
of benzene (ppm) 


Example 10 


5.0 


13.0 


3.0 


10.0 


1 


Example 1 1 


3.0 


9.0 


1.0 


6.0 


2 


Example 12 


15.0 


25.0 


10.0 


20.0 


1 


Comparative 
example 8 


35.0 


60.0 


22.0 


40.0 


7 


Comparative 
example 9 


0.2 


1.0 


0.1 


0.5 


2 
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[Table 9] (continued) 





Toner resin composition 


Toner 




Average particle 
area (urn 2 ) 


Maximum particle 
area (um 2 ) 


Average particle 
area (um 2 ) 


Maximum particle 
area (urn 2 ) 


Residual amount 
of benzene (ppm) 


Comparative 
example 10 


37.0 


65.0 


25.0 


45.0 


9 



[Table 10] 





Non-offset tempera- 
ture region (°C) 


Non-offset tempera- 
ture width (°C) 


Fixation strength (%) 


Shelf stability 








150°C 


170°C 




Example 10 


140-210 t 


70 t 


75 


88 


O 


Example 1 1 


140-210 T 


70 1 


76 


88 


O 


Example 12 


140-210 1 


70 1 


75 


90 


O 


Comparative example 8 


140-180 t 


40 


70 


77 


X 


Comparative example 9 


155-190 T 


35 




70 


X 


Comparative example 10 


140-190 T 


50 


75 


88 


X 


t indicates that the temperature is the value shown or higher. 



Claims 



1. A toner resin composition composed of a vinyl-type copolymer which has styrene-type monomers and 
(meth)acryiic ester-type monomers as the main ingredients, a low-melting-point crystalline compound, and a block 
compolymer of polystyrene and polyolefin wherein said vinyl-type copolymer has at least one peak value in both 
the range of 5,000-20,000 and the range of 500,000 or higher in the molecular weight distribution curve measured 
by gel permeation chromatography, the amount of said low-melting-point crystalline compound is 2-1 0 weight parts 
for 100 weight parts of said vinyl-type copolymer, the amount of said block copolymer is 0.5-5 weight parts for 100 
weight parts of said vinyl-type copolymer, which toner resin composition having the characteristics that the average 
particle area is 0.5-20 um 2 and the maximum particle area is 30 u.m 2 or less in any 25 urn x 25 \m area when trans- 
mission electron microscopy is used to observe said low-melting-point crystalline compound which forms domains 
in the domain-matrix structure formed by said vinyl-type copolymer and the low-melting-point crystalline com- 
pound. 



2. A toner resin composition of claim 1 wherein the aforementioned vinyl-type copolymer is obtained by polymerizing 
styrene-type monomers and (meth)acrylic ester-type monomers in the presence of an aliphatic hydrocarbon per- 
oxide-type polymerization starter. 

3. A toner resin composition of daim 1 or claim 2 wherein the aforementioned low-melting-point crystalline compound 
has a weight average molecular weight (Mw) in the range of 400-2,000, a melt viscosity at 140°C of 5-20 cps, and 
a heat absorption peak at 70-120°C due to melting, meaured by differential scanning calorimetry (DSC). 

4. A toner resin composition of claim 1 , 2, or 3 wherein the aforementioned low-melting-point crystalline compound is 
Rsher-Tropsh wax or paraffin wax. 



5. A toner resin composition of one of claims 1 -4 wherein the aforementioned compound composed of a block copol- 
ymer of polystyrene and polyolefin has a styrene content of 20-80 wt% and an average molecular weight in styrene 
equivalent of 1 ,000-150,000. 



6. A toner resin composition of claims 1 -5 which is characteristically for one-component development. 
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7. A toner which characteristically uses the toner resin composition of one of claims 1 -6. 

8. A toner which uses a toner resin composition composed of a vinyl-type copolymer which has styrene-type mono- 
mers and (meth)acrylic ester-type monomers as the main ingredients, a low-melting-point crystalline compound, 
and a block compolymer of polystyrene and polyolefin wherein said vinyl-type copolymer has at least one peak 
value in both the range of 5,000-20,000 and the range of 500.000 or higher in the molecular weight distribution 
curve measured by gel permeation chromatography, the amount of said low-melting-point crystalline compound is 
2-10 weight parts for 100 weight parts of said vinyl-type copolymer, the amount of said block copolymer is 0.5-5 
weight parts for 1 00 weight parts of said vinyl-type copolymer, which toner having the characteristics that the aver- 
age particle area is 0.5-50 jim 2 and the maximum particle area is 1 50 jim 2 or less in any 25 ^m x 25 ^irri area when 
transmission electron microscopy is used to observe said low-melting-point crystalline compound which forms 
domains in the domain-matrix structure formed by said vinyl-type copolymer and the low-melting-point crystalline 
compound. 

9. A toner which characteristically uses the toner resin composition of claim 1 wherein the average particle area is 0.5- 
50 jim 2 and the maximum particle area is 150 urn 2 or less in any 25 ^m x 25 \im area when transmission electron 
microscopy is used to observe said low-melting-point crystalline compound which forms domains in the domain- 
matrix structure formed by said vinyl-type copolymer and the low-melting-point crystalline compound. 

1 0. A toner of claims 7-9 which is characteristically for one-component development. 
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